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[57} "~ ABSTRACT |

The high temperature properties of a nickel-base alloy
containing correlated percentages of chromium, cobalt,
tungsten, molybdenum, titanium, aluminium, carbon,
tantalum, niobium, zirconium, hafnium, boron, yttrium
and lanthanum are substantially maintainedor improved
by further correlation of the percentages of chromium,
carbon and boron in the alloy.
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1
ALLOYS OF NICKEL, CHROMIUM AND COBALT

This invention relates to improved castable nickel-
chromium-cobalt base alloys.

In the Specification of my Application No. 536,173
filed Dec. 24, 1974, (now U.S. Pat. No. 4,039,330)
which is a continuation-in-part of Ser. No. 241 443 filed
Apr. 5, 1972, abandoned I have described and claimed a
nickel-base alloy adapted for use at elevated tempera-
ture and characterised by high stress-rupture strength
and good corrosion resistance in sulphur- and chloride-
containing environments while concomitantly exhibit-
ing extended resistance to embrittlement for long peri-
ods upon prolonged exposure to temperatures at least as
high as 870° C., said alloy having about 20% to 25%
chromium, about 5% to 25% cobalt, up to 5% tungsten,
up to 3.5% molybdenum, the tungsten and molybdenum
being correlated such that the %W <+ 0.5 (%Mo) is
from 0.5% to 5%, about 1.7% to 5% titanium and about
19 to 4% aluminium, the sum of the titanium and alu-
minium being about 4% to 6.5% with the ratio therebe-
tween being from 0.75:1 to 4:1, from 0.02% to 0.25%
carbon, from 0.5% to 3% tantalum, up to 3% niobium,
0.005% to 1% zirconium, and up to 2% hafnium, the
value of %Zr + 0.5 (%Hf) being from about 0.01% to
1%, about 0.001% to 0.05% boron, up to about 0.2% in
total of yttrium and/or lanthanum, and the balance
being essentially nickel in an amount of at least 30%.

It is said that carbon contents below 0.02% lead to a
reduction in stress-rupture strength, that the chromium
content must be a minimum of about 20% for good
corrosion resistance, and that amounts of boron in ex-
cess of 0.05% lead to inadequate impact resistance.

I have now found that provided the chromium con-
tent is a certain minimum, the carbon content can be
reduced and/or the boron content can be increased, and
yet the expected deterioration of high temperature
properties is minimised or does not occur, and in some
instances the properties may even be further improved.

Generally speaking and in accordance herewith, the
present invention contemplates alloys having, by
weight, about 5 to 25% cobalt, up to 3.5% molybde-
num, up to 3% tungsten, the tungsten and molybdenum
being correlated such that the %W 4+ 0.5 (%Mo) is
from 0.5 to 5, about 1.7 to 5% titanium and about 1 to
4% aluminum, the sum of the titanium and aluminum
being about 4 to 6.5% with the ratio therebetween being
from 0.75:1 to 4:1, from 0.5 to 3% tantalum, up to 3%
niobium, 0.005 to 1% zirconium and up to 2% hafnium,
the value of %Zr + 0.5 (%Hf) being from 0.01 to 1, up
to about 0.2% in total of yttrium and/or lanthanum, and
having chromium, carbon, and boron, the balance being
essentially nickel in an amount of at least 30%, the im-
provement that the chromium content is at least 22 to
25% and the carbon and boron contents are such that
when the carbon content is less than 0.02 down to
0.001% the boron content is in the range of from 0.001
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to 1% and when the carbon content is in the range of 60

from 0.02 to 0.25% the boron content is greater than
0.05 up to 1%.

All percentages and ratios in this specification are by
weight.

The alloys must contain at least 22 up to 25% chro-
mium and from 0.001 to 1% boron when the carbon
content is less than 0.02 down to 0.001%, or from 0.05
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up to 1% boron when the carbon content is in the range
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of from 0.02 to 0.25%, as outside these ranges the de-
sired high temperature properties are impaired.

Preferably, if the carbon content is below 0.02%, the
boron content 1s at least 0.05%, and advantageously at
least 0.15%. Preferably, if the carbon content 1s above
0.02%, the carbon content is in the range of from 0.04 to
0.16% and the boron content is 1n the range of from 0.06
to 0.5%. An advantageous combination of properties is
exhibited by a preferred group of alloys containing from
0.049 to 0.245% carbon, more than 22.0, preferably
from 22.5, to 23.3% chromium, from 18 to 20% cobalt,
preferably from 18.6 to 19.1% cobalt, from 1.87 to
2.21% tungsten, from 3.5 to 4.0, preferably from 3.63 to
3.80% titanium, from 1.7 to 2.3, preferably from 1.92 to
2.0% aluminium, from 1.2 to 1.6, preferably from 1.34
to 1.40% tantalum, from 0.8 to 1.2, preferably from 0.93
to 0.98% niobium, from 0.07 to 0.13, preferably from
0.10 to 0.11% zirconium, from 0.07 to 0.5% boron,
balance nickel.

Even more advantageously the boron content should
be in excess of 0.3% and a particularly advantageous
combination of properties is exhibited by a preferred
group of alloys containing from 0.01 to 0.02% carbon,
from more than 22 to not more than 23% chromium,
from 18.5 to 19.5% cobalt, from 1.5 to 2.5% tungsten,
from 3 to 4%. titanium, from 1.5 to 2.5% aluminium,
from 1 to 2% tantalum, from 0.5 to 1.5% niobium, from
0.05 to 0.15% zirconium and from 0.3 to 0.85% boron,
the balance, apart from impurities, being nickel. Prefer-
ably niobium is present in alloys of the invention in the
range of from 0.2 to 3%.

To develop the full stress-rupture properties of the
alloys of the present invention, they should be subjected
to a heat treatment involving solution heating and sub-
sequent ageing. Suitable heat treatments are those dis-
closed in the Specification of Application No. 536,173
with the modification that the solution heating treat-
ment advantageously comprises heating for a time in the
range of from 1 to 20 hours at a temperature in the range
1100° C to 1250° C and subsequent ageing for from 1 to
48 hours at a temperature in the range 600° to 950° C. A
preferable heat treatment comprises solution heating at
a temperature in the range 1,120° to 1200° C for a time
in the range 2 to 16 hours, followed by heating at a
temperature in the range 970° to 1030° C for a time in
the range 2 to 10 hours, followed by heating at a tem-
perature in the range 870° to 930° C for a time in the
range 8 to 48 hours, then ageing at a temperature in the
range 600° to 800° C for a time in the range 8 to 48
hours. A particularly advantageous heat treatment is to
solution heat at 1150° C for 4 hours, air cool, heat at
1000° C for 6 hours, air cool, heat at 900° C for 24 hours,
air cool, and finally age at 700° C for 16 hours and again
air cool.

The stress-rupture properties exhibited by alloys of
the present invention are illustrated in the following
Example I.

EXAMPLE I

Alloys with compositions as shown in Table I were
vacuum-melted and cast in vacuum to tapered test bar
blanks, from which test pieces were machined. Prior to
the machining of the test pieces, the blanks were heat
treated by solution heating at 1150° C for 4 hours, air
cooling, heating at 1000° C for 6 hours, air cooling,
heating at 900° C for 24 hours, air cooling, and ageing at
700° C for 16 hours and air cooling. The heat treated
test pieces were then subjected to various stress-rupture
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tests with the results shown in Table II. In Tables I and
II, Alloys 1 to 9 are according to the present invention
and Alloy A is a typical alloy according to claim 1 of
‘Application No. 536173 for comparison purposes.

TABLE I

4
760° C, 816° C and 927° C with similar ductility as
shown by the elongation results. | |
Hence a preferred group of alloys according to the
present invention contains from 0.01 to 0.02% carbon,

COMPOSITION WT % BALANCE Ni

Alloy Cr Co W Nb Ta Ti Al Zr < C B
1 225 188 224 098 145 372 184 0.10 0.015 0.018
2 224 190 228 1.00 137 365 193 0.10 0.013 0.07
3. 223 188 219 100 1.39 365 194 0.10 0013 0.12
4 226 188 194 1.00 141 375 193 0.11 0013 0.15
5 22.6 190 197 100 145 375 199 0.10 0013 0.36
-6 229 191 191 099 146 374 199 011 0012 043
7 226 190 191 099 143 371 197 010 0012 0.6]
8 229 190 195 096 140 370 195 011 0015 079
A 225 189 2.21 098 1.38 3.67 197 0.10 0.154 0.022
9 22.5 186 220 093 142 368 190 0.10 0.144 0.28
TABLE 11
STRESS-RUPTURE
600 N/mm%/732° C 550 N/mm%/760° C 330 N/mm?/816° C 120 N/mm?/927° C
Life Life Life Life
Alloy (hours) FElong.(%) (hours) Elong. (%) (hours) Elong.(%) (hours) Elong.(%)
] 32 53 18 4.7 44 6.9 309 3.8
27 4.6
2 32 5.4 22 3.2 83 4.1 294 2.2
3 90 5.9 34 8.2 149 54 566 N.D.*
4 158 12.1 95 10.5 454 4.3 503 8.2
164 10.5
5 269 9.3 169 9.1 611 5.3 783 8.4
6 325 8.3 140 9.4 816 1.3 559 7.3
7 314 8.1 152 9.8 630 7.4 672 8.3
8 307 3.3 140 7.1 563 5.6 588 11.0
A 51 9.6 17 15.2 351 6.6 711 15.2
9 77 3.5 46 6.8 404 4,7 589 9.0

* N.D. - Not Determined.
N/mm?’ - Newtons per square millimeter.

It can be seen from Tables I and II that Alloy 1 with
0.015% carbon and 0.018% boron and Alloy 2 with
0.013% carbon and 0.07% boron had similar but
slightly inferior stress-rupture life and elongation prop-
erties at 600 N/mm?and 732° C, at 330 N/mm?and 816°
C, and at 120 N/mm? and 927° C to those of Alloy A,
but had slightly better stress-rupture life properties at
550 N/mm? and 760° C. Alloys 3 and 4 with 0.013%
carbon and with 0.12% and 0.15% boron, respectively,
had, as can be seen from the results of Table II, better
stress-rupture life properties at 600 N/mm?and 732° C,
and at 550 N/mm?and 760° C than Alloy A, with simi-
lar elongation values, and stress-rupture life and elonga-
tion properties at 330 N/mm? and 816° C and at 120
N/mm?and 927° C similar to those of Alloy A. A com-
parison of the property values for Alloys 1 to 4 and A
shows that for better properties alloys containing less
than 0.02% carbon preferably should contain at least
0.05% boron and more preferably at least 0.1% boron.

The effect of increasing the boron content still further
with alloys containing less than 0.02% carbon can be
seen from the results for Alloys 4 to 8 in Table 11.

The property improvements shown by Alloy 4 with
0.159% boron are even more marked with Alloys 5 to 8
which contained in excess of 0.3% boron. Thus, advan-
tageously, alloys according to the invention containing
less than 0.02% carbon should contain more than 0.3%
boron. As can be seen from the results of Table II,
Alloys 5 to 8 with more than 0.3% boron had better
stress rupture life properties than Alloy A at 732° C,
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from more than 22 to not more than 23% chromium,
from 18.5 to 19.5% cobalt, from 1.5 to 2.5% tungsten,
from 3 to 4% titanium, from 1.5 to 2.5% aluminium,
from 1 to 2% tantalum, from 0.5 to 1.5% niobium, from
0.05 to 0.15% zirconium, from 0.3 to 0.85% boron,

balance nickel.
The test results for Alloy 9 in Table II show that even

with 0.1449% carbon and a boron content of 0.28%
better stress-rupture properties are obtained in compari-
son with Allloy A at 732° C, 760° C and 816° C with a
slight fall off in properties at 927° C.

With the exception of Alloys 1 to 9 and the compara-
tive Alloy A, Alloys 2 to 8 of Example I had carbon
contents of less than 0.02% boron contents in excess of
0.05%. The following Example 2 illustrates properties
illustrated by alloys of the invention having carbon
contents in excess of 0.02% and boron contents 1n ex-

cess of 0.05%.

EXAMPLE 2

Alloys with compositions as shown in the following
Table IIT were prepared as detailed in Example 1. In
Table III Alloys 10 to 22 are according to the invention
and Alloys A and B are typical alloys according to
claim 1 of Application No. 336,173 for comparison
purposes.

Test pieces from the Alloys of Table III were made
and heat treated according to the procedure of Example
1 and then subjected to various stress-rupture tests with
the results shown 1n Table IV and to impact resistance
tests with the results shown in Table V.
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TABLE III |
Composition Wt % - Balance Ni
Alloy C Co W Nb Ta T Al Zr C B
10 228 188 188 096 138 3.77 192 0.11 0.051 0.15
11 228 190 19 09 135 381 196 0.11 0051 028
12 230 190 193 097 137 379 199 0.11 0049 0.5
13 225 188 189 095 136 380 193 0.11 0073 0.07
14 22,7 186 203 096 134 374 194 0.10 0087 0.16
15 23.0 188 196 098 137 3.63 198 0.11 0100 044
16 22.8 188 191 093 138 368 198 011 0150 007
17 227 187 187 095 140 370 198 011 0146 0.13
18 22.7 189 196 095 137 373 199 0.10 0154 0.27
19 23.1 191 188 095 136 370 200 010 0.146 042
20 228 188 197 094 137 368 200 0.10 0245 0.14
21 232 189 193 097 139 365 196 0.10 024 0.27
22 233 190 191 094 136 368 197 011 0.24 0.46
A 225 189 221 098 138 3.67 197 0.10 0.154 0022
B 22.8 187 1.87 095 136 376 193 0.11 0.109 0.015
TABLE IV | |
Stress-rupture cording to the invention when contaiping more than
550 N/mm?%/760° C 330 N/mm?/816° C 0.02% carbon should preferably contain carbon in the
Life Elongation Life Elongation 20 range of from 0.04 to 0.16% and boron in the range of
Alloy  (hours) % (hours) 7 from 0.06 to 0.5%. Advantageously the boron content
1 33 o2 i S should be in the range of from 0.3 to 0.5%.
12 111 4.8 505 43 A preferred group of alloys according to the i inven-
i i | g‘; 13'{5} igg g*g tion contains from 0.049 to 0.245% carbon, more than
15 92 74 540 6.8 25 22.0, preferably from 22.5, to 23.3% chromium, from 18
16 28 12.2 520 8.5 to 20% cobalt, preferably from 18.6 to 19.1% cobalt,
ig 33 ﬁﬁ gﬁ ﬁ:g: from 1.87 to 2.21% tungsten, from 3.5 to 4.0, preferably
19 141 7.4 431 7.1 from 3.63 to 3.80% titanium, from 1.7 to 2.3, preferably
- v By ra > from 1.92 to 2.0% aluminium, from 1.2 to 1.6, prefera-
22 96 10.3 312 20.7 30 bly from 1.34 to 1.40% tantalum, from 0.8 to 1.2, prefer-
A 17 15.2 351 6.6 ably from 0.93 to 0.98% niobium, from 0.07 to 0.13,
- preferably from 0.10 to 0.11% zirconium, from 0.07 to
0.5% boron, balance nickell.
1ABLE V Specimens 11.4 millimeter in diameter produced from
Impact Resistance at 20° C after P P'
Alloy 1000 hours at 816° C (Joules) 35 the Alloyg, 10 to 22 and B, were Cl:arpy impact tested
- 43 5 after soaking for 1,000 hours at 816° C. As can be seen
11 40 44 from Table III and V, apart from Alloy 22 containing
12 | 29 31 0.24% carbon and 0.46% boron, the specimens from the
ﬁ ;3 % remaining Alloys 10 to 21 all had impact resistance
15 27 28 40 properties, at least comparabie to and in most cases
1o ” 2 better than those of the comparative Alloy B. For opti-
18 20 25 mum impact resistance properties alloys according to
ég %g %g the invention when containing more than 0.02% carbon
21 19 53 should preferably contain carbon in the range of from
2B2 %; g 45 0.04 to 0.16% and boron in the range of from 0.06 to

It can be seen from Tables III and IV that in all in-
stances increasing the boron content above the 0.015%
of comparison Alloy A for carbon contents between
0.049 and 0.245% resulted in improved stress-rupture
life properties at 550 N/mm? and 760° C with the best
improvement being achieved at boron contents in ex-
cess of 0.3%. Creep ductility properties at 550 N/mm?
and 760° C are in many cases similar but in general
shightly inferior to those of Alloy A when the boron
content is increased above the 0.015% of Alloy A.

At 330 N/mm?’ and 816° C, with the exception of
Alloys 20, 21 and 22 with carbon contents nominally of

0.24%, the stress rupture life properties are also im-
proved in comparison with those of Alloy A for boron
contents 1n excess of 0.015% for carbon contents be-
tween 0.049 and 0.154%. Again the creep ductility

properties of Alloys 10 to 19 are similar to those of

Alloy A and in the case of Alloys 20, 21 and 22 are
~ better than those of Alloy A. |

For an optimum balance of stress rupture life and
creep ductility properties it is preferred that alloys ac-
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0.50%. Excellent impact resistance properties were
achieved with a boron content in the range of from 0.10
to 0.30% for a nominal carbon content of 0.05%.

Alloys according to the present invention when con-
taining more than 0.3% boron would have a minimum
stress-rupture life of 60 hours under a stress of 550
N/mm? at 760° C, a minimum stress-rupture life of 130
hours under a stress of 600 N/mm? at 732° C and a
minimum stress-rupture life of 270 hours under a stress
of 330 N/mm? at 816° C.

Alloys according to the invention are suitable for use
in cast or wrought form in applications requiring a high
level of stress rupture strength at high temperatures
such as for gas turbine rotor blades.

Although the present invention has been described in
conjunction with preferred embodiments, it is to be
understood that modifications and variations may be
resorted to without departing from the spirit and scope
of the invention as those skilled in the art will readily
understand. Such modifications and variations are con-
sidered to be within the purview and scope of the inven-
tion and appended claims.

I claim:
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1. In combination with a nickel-base alloy adapted for
use at elevated temperature consisting essentially of, by
~ weight, about 20% to 25% chromium, about 5% to
25% cobalt, up to 3.5% molybdenum, up to 5% tung-
sten, the tungsten and molybdenum being correlated
such that the %W + 0.5(%Mo) is from 0.5% to 5%,
about 1.7% to 5% titanium and about 1% to 4% alumi-
num, the sum of the titanium and aluminum being about
- 49% to 6.5% with the ratio therebetween being from
0.75:1 to 4:1, from 0.02% to 0.25% carbon, from 0.5%
to 3% tantalum, up to 3% niobium, 0.005% to 1% zir-
conium and up to 2% hafnium, the value of % Zr +
0.5(%Hf) being from 0.01% to 1%, about 0.001% to
0.05% boron, up to about 0.2% in total of yttrium and-
/or lanthanum, and balance essentially nickel in an
amount at least 30%, the improvement comprising a
chromium content of more than 22% and carbon and
boron contents in ranges of 0.001% to 0.25% carbon
and 0.05% to 1% boron provided that when the carbon
content is in the range of from 0.02% to 0.25%, the
“boron content is greater than 0.05% up to 1%.

2. An alloy in accordance with claim 1, containing at
least 0.3% boron.

3. An alloy in accordance with claim 1, containing
from more than 22 to not more than 23% chromium,
from 18.5 to 19.5% cobalt, from 1.5 to 2.5% tungsten,
from 3 to 4% titanium, from 1.5 to 2.5% aluminium,

10

13

20

25

30

35

45

50

3

635

8

from 1 to 2% tantalum, from 0.5 to 1.5% niobium, from
0.05 to 0.15% zirconium, from 0.3 to 0.85% boron and
from 0.01 to 0.02% carbon.

4. An alloy in accordance with claim 1, containing
from 0.04 to 0.16% carbon and from 0.06 to 0.5% bo-
ron.

5. An alloy in accordance with claim 1, containing
more than 22.0 up to 23.3% chromium, from 18 to 20%
cobalt, from 1.87 to 2.21% tungsten, from 3.5 to 4.0%
titanium, from 1.7 to 2.3% aluminium, from 1.2 to 1.6%
tantalum, from 0.8 to 1.2% niobium, from 0.07 to 0.13%
zirconium, from 0.07 to 0.5% boron and from 0.049 to
0.245% carbon.

6. An alloy in accordance with claim 1, containing
from 22.5 to 23.3% chromium, from 18 to 20% cobalt,
from 1.87 to 2.21% tungsten, from 3.63 to 3.80% tita-
nium, from 1.92 to 2.0% aluminium, from 1.34 to 1.40%
tantalum, from 0.93 to 0.98% niobium, from 0.10 to
0.11% zirconium, from 0.07 to 0.5% boron and from
0.049 to 0.245% carbon.

7. An alloy as set forth in claim 1 wherein the carbon
content is below 0.02% and the boron content is at least

0.15%.
8. An alloy as set forth in claim 1 wherein the carbon

content is below 0.02% and the boron content is 0.36%
to 0.79%.
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